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ELECTRICAL PROTECTION SYSTEM FOR
WIND TURBINES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to PCT Application No.

PCT/EP2019/061346, having a filing date of May 3, 2019,
which 1s based ofl ES Application No. P201800117, having,
a filing date of May 14, 2018, the entire contents both of
which are hereby incorporated by reference.

FIELD OF TECHNOLOGY

The following relates to an electrical protection system
for wind turbines which allows transierring static electricity
as well as transferring the current of a lightming strike
between the wind generator and the rest of the metallic
structure.

BACKGROUND

It 1s currently known that in order to take full advantage
of the wind, wind turbines have to be situated 1n unprotected
arcas under heavy weather conditions. This location 1n
unprotected areas, as well as the geometry of the wind
turbines itself, results 1n a high probability of attracting
lightning strikes onto the wind generator.

Thus, currently, in order to protect the wind turbines from
the eflects of a lightning strike, components are used which
direct the lightning discharge from the tip of the blade to the
ground. Habitually, these components comprise an inner
cable joining the tip of the blades with an mnner beam of the
wind generator connected to ground, 1 such a way that
when the lightning strikes the blades or the hub, the current
of the lightming strike 1s sent, through the blade bearing, to
said beam so as to direct it to the ground.

Additionally, document US2017/0152839A1 1s known to
describe a lightning current transfer arrangement for wind
turbines which enables, by means of a common circuit,
lightning strike current and electrostatic discharge current to
be discharged from the blades, or rotor, to the wind generator
nacelle.

Nevertheless, this configuration requires a sliding contact
that rotates integrally to the rotor in the drip rail, and since
it runs about 100,000 km per year, 1t implies a high wear
where maintenance 1s critical. Another problem 1s that 1t 1s
dificult to guarantee the contact or enough contact pressure
along the whole distance of the drip rail and, thus, this
arrangement can have faults when performing drainage of
the lightning current or the static current.

Document ES2265776B1 1s also known to describe a
contactless lightning transfer arrangement comprising a
lightning transfer element, consisting of a first conductor bar
fixed to a second insulating bar, wherein the lightning
transier element 1s fixed to the hub of a wind generator. More
particularly, a first end of the lightning transier element faces
a metallic strip located at each blade root of the wind
generator at a first distance allowing an electrical jump of a
lightning being incident onto the tip of a wind generator
blade, whereas a second end faces a drip rail of the wind
generator nacelle at a second distance allowing the electrical
jump of the lightning. These jumps prevent the lightming
from affecting the sensitive parts of the wind generator.
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Nevertheless, this arrangement does not allow the static
clectricity accumulated at the blades to be discharged, which
may result in electromagnetic noise in neighbouring equip-
ment.

SUMMARY

An aspect relates to an electrical protection system for
wind turbines with blades rotating with respect to a nacelle
hub, wherein the electrical protection system allows trans-
ferring to the ground the static electricity accumulated at the
blades, and the current from a lightning when a lightning
strike event takes place 1n at least one of the blades or at the
rotor, wherein the electrical protection system comprises:

a first discharging umt configured for being in contact

with some metallic part of the blade and for continu-
ously discharging to the ground, through the blade
bearings, or the hub metallic structure, the static elec-
tricity accumulated at the blades, and

a second discharging unit configured for discharging the

current from a lightning to the ground when a lightning
event takes place 1n at least one of the blades or at the
rotor.

Wherein, the second discharging unit 1s configured for
being in contact with some metallic part of the blade.

The second discharging unit comprises a first spark gap
with a first gap breakdown voltage and a second spark gap
with a second gap breakdown voltage.

Particularly, in embodiments of the present invention,
spark gap should be understood as any electrical component
having two electrodes physically separated between them by
a dielectric and which works as a switch at high voltage.
That 1s, at a value underneath a voltage threshold they are an
open circuit and above the value they are a closed circuit
with the potential difference between electrodes being zero
or almost zero.

On the other hand, 1n embodiments of the present inven-
tion breakdown voltage of an electrical component with two
terminals electrically separated from each other 1s to be
understood as that voltage from which the two terminals turn
to have the same potential (or a very proximate value)
because a spark 1s produced that electrically joins both
terminals.

The first discharging unit at least comprises two solid
elements selected from: a first solid element, a second solid
element, a third solid element, a fourth solid element or a
combination thereof.

The first unit comprises the first solid element, the second
solid element, the third solid element and the fourth solid
element, wherein the first and fourth solid element are
connected 1n series to each other, and the second and third
solid element are connected in parallel to each other and to
the fourth solid element. Additionally, the first spark gap and
the second spark gap are connected 1n series to each other,
and wherein the firs spark gap 1s also connected in parallel
to the first solid element and the second spark gap 1s also
connected 1n parallel to the fourth solid element.

Alternatively, the first discharging unit comprise the sec-
ond solid element and the third solid element connected 1n
parallel to each other, and the first spark gap and the second
spark gap are connected in series to each other.

Regardless the configuration of the first discharging unit,
cach solid element comprises a conductive component with
an electric resistance, and an insulating component, with a
breakdown voltage, connected 1n parallel to said conductive
component.
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Additionally, the electrical protection system 1s in contact
with at least a grounding point of the wind generator which
the static electricity accumulated at the blades 1s transferred
to, this grounding point being selected from:

A first grounding point which 1s any metallic point of the

hub,

A third grounding point which 1s any metallic element
physically connected to the inner track of the blade
bearing.

Also, the electrical protection system is 1n electrical contact
with at least a second grounding point, which 1s any
metallic point of the nacelle, which the current from the
lightning 1s transferred to only during a lightning strike
event.

The static charge accumulated at the rotor 1s drained from
a first point to the first or third grounding point through the
first and/or second conductive component, and the lightning
current flows through the spark gap, wherein the first and the
second grounding points have the same potential during a
lightning strike event.

Particularly, the first solid element 1s a first receptor that,
once 1nstalled 1n the wind generator, 1s configured for being
in contact to a metallic strip of the blade, being electrically
equivalent to the first point, and comprising an anti-static
resistance bar, according to the first resistive element and
with the first breakdown voltage.

The second solid element i1s a static charge vertical
resistance being linked to the blade receptor and configured
for discharging the static charge from the first conductive
component to the first grounding point.

The third solid element 1s an msulating beam 1n parallel
with the static charge vertical resistance configured for
insulating a second point with respect to the first grounding
point, and for preventing the lightning current from flowing,
along the wind generator main shaft bearings, and for acting
as a mechanical support.

The fourth solid element 1s a second receptor comprising,
a solid element according to the fourth breakdown voltage
and being configured for travelling inside the nacelle drip
rail.

Additionally, this protection system comprises a first and
a second arm configured to hold and position, respectively,
the receptors and direct the current from the lightning strikes
from the receptors to the grounding points, each arm com-
prising a metallic element located at a certain distance,
respectively, from the metallic strip of the blade and the drip
rail so as to generate the first and second gap breakdown
voltage.

It also comprises a metallic beam linked to the upper part
of the mnsulating beam, and configured for being linked to
the arms and to the static charge vertical resistance, and a
metallic base linked to a metallic component fixed to the
outer track of the blade bearing, or the main shaft, and to the
insulating beam being electrically equivalent to the first
grounding point. Thus, a system 1s obtained which allows
discharging the static electricity being continuously accu-
mulated at the blades, thereby allowing eliminating the
clectromagnetic radiations produced by discharge at the
spark gaps of these systems and discharging electricity from
the lightning without damaging the wind generator.

BRIEF DESCRIPTION

Some of the embodiments will be described 1n detail, with
reference to the following figures, wherein like designations
denote like members, wherein:
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FIG. 1 shows a view of the electrical scheme of a first
embodiment of the electrical protection system:;
FIG. 2 shows a view of an electrical scheme of a second

embodiment of the electrical protection system;
FIG. 3 shows a view of the electrical scheme of a third

embodiment of the electrical protection system:;
FIG. 4 shows a three-dimension view of the protection
system at least one of the first and the second embodiment;

DETAILED DESCRIPTION

In a first embodiment the protection system, as 1t 1s shown
in FIG. 1, comprises a first discharging unit configured for
discharging the static electricity accumulated onto the blades
and a second discharging unit configured for transferring the
current from the lightning when a lightning strike event
takes place 1n at least one of the blades or at the rotor.

More particularly, the first discharging unit comprises a
first solid element (S1), a second solid element (S2), a third
solid element (S3) and a fourth solid element (S4), wherein
the first and the fourth solid elements (S1, S4) are connected
in series to each other, and the second and third solid
clements (S2, S3) are connected 1n parallel to each other and
with the fourth solid element (S4).

Each solid element (S1, S2, S3, S4) comprises a conduc-
tive component (R1, R2, R3, R4) with an electrical resis-
tance and an 1nsulating component with a breakdown volt-
age (V1, V2, V3, V4) connected in parallel with said
conductive component (R1, R2, R3, R4).

On the other hand, the second discharging unit comprises
a first spark gap (C1) with a first gap breakdown voltage
(V0) and a second spark gap (C2) with a second gap
breakdown voltage (V5) connected 1n series to each other,
wherein the first spark gap (C1) 1s also connected 1n parallel
to the first solid element (S1) and the second spark gap (C2)
1s also connected 1n parallel to the fourth solid element (S4).
The second spark gap (C2) has a gap size depicted as
distance D2 1n FIG. 4.

Additionally, as 1t can be seen 1n FIG. 1, the electrical
scheme of the first embodiment of the protection system
comprises a first and a second grounding point (GP1, GP2)
clectrically connected to each other, but located at two
different locations of the wind generator.

More particularly, the first grounding point (GP1) 1s any
metallic point of the hub (14), the outer track (12) of the
blade bearing (15), or the main shaft (20) since the first
grounding point (GP1) 1s integral to the hub. This first
grounding point (GP1) has a degree of freedom with respect
to the nacelle thanks to the blade bearing (15).

The second grounding point (GP2) 1s any metallic point of
the nacelle, the drip rail (9) or a track being 1ntegral thereto.
This second grounding point (GP2) has a degree of freedom
with respect to the hub thanks to the main shait bearings.

The electrical connection between the first and the second
grounding point (GP1, GP2) is performed by means of the
wind generator main shaft bearing, or bearings.

Thus, when no lightning has struck onto the wind gen-
erator blades, all the spark gaps (C1, C2) are open, since the
current generated by the static charge 1s small, at a scale
from microamperes (WA) to milliamps (mA), thereby the
spark gaps do not activate, and therefore the first discharging
unit drains the static charge from the blades between a first
point (P0) and a second point (P1) through the first conduc-
tive component (R1), and subsequently between the second
point (P1) and the first grounding point (GP1) through the
second conductive component (R2).
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The first point (P0) 1s a point which 1s 1n electrical contact
with the lightning arrester of the wind generator blade.

It should be noted that the third and fourth conductive
component (R3, R4) have a much higher electrical resistance
than the second conductive component (R2), such that the
static charge 1s drained only through the second conductive
component (R2), with no static charge drainage between the
second point (P1) and the second grounding point (GP2).

The third solid (S3) has mechanical properties so as to act
as a support for the second solid (52).

Thus, when a lightming has struck onto the wind generator
blades, the terminal voltage of the first conductive compo-
nent (R1) 1s higher than the first gap breakdown voltage
(V0), so the current 1s immediately drained through the first
spark gap (C1); and since the second gap breakdown voltage
(V5) 1s much smaller than the second, third and fourth
breakdown voltage (V2, V3, V4) the lightning keeps on
being drained up to the grounding point (GP2) through the
second spark gap (C2). Thus, the current from the lightning
1s drained from the first point (P0) to the second grounding
point (GP2).

The fourth solid element (S4) has mechanical properties
and 1s 1n contact with the second grounding point (GP2) and
without any degree of freedom with respect to thus.

Thus, the protection system meets the following condi-
tions:

The first breakdown voltage (V1) 1s higher than the first

gap breakdown voltage (VO0),

The second breakdown voltage (V2) and the third break-

down voltage (V3) are higher than the first gap break-
down voltage (V0) and the second gap breakdown
voltage (V3),

The fourth breakdown voltage (V4) 1s higher than the
second gap breakdown voltage (V5),

The first and second conductive component (R1, R2) have

an electric resistance comprised between 1082 and 500
k€2, and

The third and fourth conductive components (R3, R4)
have an electric resistance higher than 10 M€2, and thus
they can be considered insulating elements.

In a second embodiment, as i1t 1s shown in FIG. 2, the
protection system comprises a third grounding point (GP3)
which 1s the inner track (13) of the blade bearing (15) or any
metallic element being physically connected to this track
and rotating integrally thereto. This third grounding point
(GP3) does not have any degree of freedom, since the third
grounding point (GP3) rotates together with the blade bear-
ing (15).

The electrical connection between the third and first
grounding point (GP3, GP1) is carried out by means of the
blade bearing.

Particularly, the second solid element (S2) 1s electrically
connected to the first point and to the third grounding point
(GP3), 1n such a way that all the static charge accumulated
onto the blade, 1s drained through the second resistive
component (R2). With this modification, and without having
to drain the static charge between the first and the second
point (PO, P1), the first solid element (S1) may have a first
conductive component (R1) with a very high resistance, that
1s, 1t may act as an insulator and thus there i1s not static
charge drainage between the first and the second point (PO,
P1).

More particularly, with no lightning, the static charge 1s
discharged by the second conductive component (R2)
directly to the third grounding point (GP3), through the
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bearing to the hub (3), since the outer track of the blade
bearing 1s fixed at the hub (3) reaching the first grounding
point (GP1).

Whereas, with lightming strike, the first and second spark
gap (C1, C2) are activated, and the lightning 1s drained up
to the second grounding point (GP2), that 1s, the drip rail (9)
or a track being integral thereto.

Thus, the protection system meets the following condi-
tions:

The first breakdown voltage (V1) 1s higher than the first

gap breakdown voltage (VO0),

The second breakdown voltage (V2) 1s higher than the
sum of the first breakdown voltage (V0) and the second
gap breakdown voltage (V5),

The third breakdown voltage (V3) 1s higher than the
second gap breakdown voltage (V5),

The fourth breakdown voltage (V4) 1s higher than the
second gap breakdown voltage (V5),

The second conductive component (R2) has an electrical
resistance comprised between 10£2 and 500 k€2, and

The first, third and fourth conductive component (R3, R4)
have an electrical resistance higher than 10 M€2, and
therefore these can be considered insulating elements.

More particularly, as 1t 1s shown 1n FIG. 4, the protection
system of the first embodiment according to the electrical
scheme of FIG. 1, comprises:

A first receptor (1) which 1s designed according to the first
solid element (S1), wherein the first receptor (1), once
installed in the wind generator, 1s configured for being
in contact with a metallic strip of the blade (8) being
clectrically equivalent to the first point (P0). The first
receptor (1) comprises an anti-static resistance bar,
according to the first resistive element (R1), such as a
guided contact, a wheel or a roller, in contact with the
metallic strip of the blade (8) continuously discharging
the static charge thereof.

A static charge (2) vertical resistance 1s linked to the blade
(1) receptor that 1s equivalent to the second solid
clement (52), therefore the blade (1) 1s used for dis-
charging the static charge from the first conductive
component (R1) to the first grounding point (GP1), thus
allowing only the flow of static electricity,

An 1nsulating beam (3) equivalent to the third solid
clement (S3) which 1s located in parallel to the static
charge (2) vertical resistance and performing two func-
tions: on the one hand, the msulating beam (3 ) insulates
the second point (P1) with respect to the first grounding
point (GP1) so as to prevent the lightning current from
flowing along the wind generator main shait bearings,
and on the other hand, the isulating beam (3) acts as
a mechanical support of a first and a second arm (5A,
5B). Therefore, the insulating beam (3) 1s made of
insulating materials featuring good mechanical proper-
ties capable of holding the protection system. The
insulating beam (3) have standard cross-sectional por-
tions, such as L, H, square or rounded profiles, made of
plastic matenial or composite materials (such as fibre-
reinforced plastic), 1n such a way that the third break-
down voltage (V3) must be higher than the first gap
breakdown voltage (V0) and the second gap breakdown
voltage (V5) so as to guarantee that the lightning strikes
cannot tlow along it,

A second receptor (4) which 1s designed according to the
fourth solid element (S4) and wherein the second
receptor (4), once installed in the wind generator 1s
configured for being in contact with some metallic part
of the nacelle, such as the drip rail (9) which 1is




US 11,519,389 B2

7

clectrically equivalent to the second grounding point
(GP2). The second receptor (4) comprises an anti-static
resistance bar, such as a wheel or roller, configured for
travelling inside the nacelle 1n contact with said drip
rail (9) and avoiding wear thereof. Additionally, the
second spark gap (C2) must be found 1n parallel with
this wheel,

The first and second arm (5A, 3B) configured for holding
and positioning, respectively, the receptors (1, 4) and
driving the lightning current from the receptors up to
the grounding points (GP1, GP2). The design of the
arms (SA, 5B) must be made so as to avoid any
deformation thereof due to distance variations between
the hub and the nacelle, and also for preventing any
deformation due to the electrodynamic effects of the
current from the lightning. Each arm (5A, 3SB) com-
prises a metallic element (10) with a U-profile, the
central part of which respectively supporting the recep-
tors (1, 4) and their ends pointing towards the blade and
nacelle, respectively. Thus, as 1t 1s shown schematically
in FI1G. 4, the centre of the metallic element (10) 1s at
a distance D1 from the frame (9) which 1s much bigger
than distance D2 being equivalent to the distance

between the ends of the metallic element (10) with the

frame (9), 1n order to achieve that the second gap

breakdown voltage (V5) 1s smaller than the fourth

breakdown voltage (V4), these same distances being
applied so that the first gap breakdown voltage (V0) 1s
smaller than the first breakdown voltage (V1),

A metallic beam (6) linked to the upper part of the
insulating beam (3), and being configured so as to be
linked to the arms (5A, 5B) and with the static charge
(2) vertical resistance, and being electrically equivalent
to the second point (P1), and

A metallic base (7) linked to a metallic component, such
as bolts (11) fixed to the outer track (12) of the blade
bearing (15), or main shaft (20), and to the nsulating
beam (3) being electrically equivalent to the first
grounding point (GP1).

Thus, the only difference with the protection system of the
first embodiment and the protection system of the second
embodiment 1s where the static charge (2) vertical resis-
tance electrically connects.

Finally, in a third embodiment, as 1t 1s shown in FIG. 3,
at least the first and/or the fourth solid element (S1, S4) have
been supressed, 1n such a way that with no lightning, the
static charge 1s discharged through the conductive compo-
nent (R2) directly to the third grounding point (GP3)
through the bearing to the hub, since the outer track of the
blade bearing is fixed to the hub, reaching the first grounding,
point (GP1).

Whereas, with a lightning event, the first and the second
spark gap (C1, C2) are activated, and the lightning is
drained up to the second grounding point (GP2).

Thus, the protection system meets the following condi-
tions:

The second breakdown voltage (V2) and the third break-
down voltage (V3) are bigger than the first gap break-
down voltage (V0) and the second gap breakdown
voltage (V35),

The second conductive component (R2) have an electrical
resistance comprised between 10£2 and 500 k€2, and

The third conductive component (R3) has an electrical
resistance bigger than 10 ME2, and therefore these can
be considered insulating elements.

In this embodiment, the protection system 1s reduced to

the static charge (2) vertical resistance 1n contact at one of
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the ends thereot with the lower end of the lightning arrester
(11) which 1n this case 1s equivalent to the first point (P0),
and at the other end 1n contact with the third grounding point
(GP3). This embodiment 1s implemented to a contactless
transier system against the lightning, characterized by the
first and second receptor (1, 4) not being 1n physical contact
with the strip of the blade or with the second grounding point
(GP2) of the nacelle.

Although the present invention has been disclosed 1n the
form of preferred embodiments and variations thereon, i1t
will be understood that numerous additional modifications
and variations could be made thereto without departing from
the scope of the invention.

For the sake of clarity, 1t 1s to be understood that the use
of “a” or “an” throughout this application does not exclude
a plurality, and “comprising’” does not exclude other steps or
clements.

The mvention claimed 1s:

1. An electrical protection system for wind turbines with
blades rotating with respect to a hub of a nacelle, wherein the
clectrical protection system allows transferring to ground
static electricity accumulated at the blades and current from
a lightning when the lightning strikes onto the blades or at
a rotor, wherein the electrical protection system comprises:

a first discharging unit configured for being in contact to

a metallic part of at least one blade of the blades and
continuously discharging to the ground, through blade
bearings or a metallic structure of the hub, the static
clectricity accumulated at the blades, and

a second discharging unit configured for discharging to

the ground a lightning current when there 1s a lightning
strike event onto at least one of the blades or at the
rotor.

2. The electrical protection system according to claim 1,
wherein the second discharging unit comprises a first spark
gap with a first gap breakdown voltage and a second spark
gap with a second gap breakdown voltage.

3. The electrical protection system according to claim 2,
wherein the first discharging unit comprises at least two
solid elements selected from: a first solid element, a second
solid element, a third solid element, a fourth solid element
or combinations thereof.

4. The electrical protection system according to claim 3,
wherein the first discharging unit comprises the first solid
element, the second solid element, the third solid element
and the fourth solid element, wherein the first and the fourth
solid elements are connected 1n series to each other, and the
second and third solid elements are connected in parallel to
cach other and with the fourth solid element.

5. The electrical protection system according to claim 4,
wherein the first spark gap and the second spark gap are
connected 1n series to each other, and wherein the first spark
gap 1s connected 1n parallel to the first solid element, and the
second spark gap 1s connected 1n parallel to the fourth solid
clement.

6. The electrical protection system according to claim 3,
wherein the first discharging umit comprises the second solid
clement and the third solid element connected in parallel to
cach other.

7. The electrical protection system according to claim 6,
wherein the first spark gap and the second spark gap are
connected 1n series to each other.

8. The electrical protection system according to claim 3,
wherein each solid element comprises a conductive compo-
nent with an electrical resistance, and an 1sulating compo-
nent with a breakdown voltage connected in parallel to the
conductive component.
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9. The electrical protection system according to claim 3,
wherein the electrical protection system 1s in contact with at
least a grounding point of the wind generator which the
static electricity accumulated onto the blades 1s to be trans-
ferred to, wherein the grounding point 1s a first grounding
point which 1s any metallic point from the hub, and wherein
the the second discharging unit 1s 1n electrical contact with
at least a second grounding point, which 1s any metallic
point of the nacelle, to which the lightning current i1s to be
transierred only during a lightning strike event.

10. The electrical protection system according to claim 9,
wherein the static charge accumulated in the rotor 1s drained
from a first point to the first grounding point through a first
conductive component of the first solid element and a
second conductive component of the second solid element.

11. The electrical protection system according to claim 2,
wherein the lightning current flows through the first spark
gap and the second spark gap, and wherein the first ground-
ing point and the second grounding point have a same
potential during the lightning strike event.

12. The electrical protection system according to claim 9,
wherein the first solid element 1s a {first receptor that once
being 1installed 1n the wind generator, 1s configured for
contacting a metallic strip of the blade being electrically
equivalent to the first point, and comprising an anti-static
resistance bar, according to a first conductive component of
the first solid element and with the first breakdown voltage.

13. The electrical protection system according to claim
12, wherein the second solid element 1s a static charge
vertical resistance which 1s linked to the first receptor and
configured for discharging the static charge from the first
conductive component to the first grounding point.

14. The electrical protection system according to claim
13, wherein the third solid element 1s an insulating beam 1n
parallel with the static charge vertical resistance configured
for insulating a second point with respect to the first ground-
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ing point and avoiding the lightning current along the wind
generator main shatt bearings, and for acting as a mechani-
cal support.

15. The electrical protection system according to claim
14, wherein the fourth solid element 1s a second receptor
comprising an electrically insulating element according to
the fourth resistive element and with the fourth breakdown
voltage and configured for travelling 1inside a drip rail of the
nacelle.

16. The electrical protection system according to claim
15, comprising a first and a second arm configured for
holding and positioning, respectively, the first and second
receptors and drive the lightning strikes current from the first
and second receptors to the first and second grounding
points.

17. The electrical protection system according to claim
16, wherein each arm comprises a metallic element located
at a determined distance, respectively, from the metallic strip
of the blade and the drip rail so as to generate the first and
second gap breakdown voltage.

18. The electrical protection system according to claim
17, comprising a metallic beam linked to an upper part of the
insulating beam, and configured for linking to the arms and
the static charge vertical resistance.

19. The electrical protection system according to claim
18, comprising a metallic base linked to a metallic compo-
nent fixed to an outer track of at least one of the blade
bearings, or main shaft, and to the isulating beam being
clectrically equivalent to the first grounding point.

20. The electrical protection system according to claim
13, wherein each solid element 1s made of electrically
conductive plastic material, or of plastic material, resins or
another non-conductive element enclosing a central element
made up of electrical resistances with electric conductivity.
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